Heterotaxy syndrome is a disorder that results in abnormal placement of organs. We report the prenatal diagnosis of complex cardiac abnormalities associated with left isomerism. A 32-year-old multigravida was referred to our hospital for evaluation of abnormal sonographic findings. On prenatal sonography, we suspected a double outlet of the right ventricle, right ventricular hypertrophy, a ventricular septal defect, a large azygos vein instead of an inferior vena cava, a right-sided stomach, and asplenia. Postnatal imaging studies confirmed these findings, except a left-sided single spleen. After birth, the infant underwent a left modified Blalock-Taussing shunt and underwent a 2nd surgical procedure (Kawashima operation, right pulmonary artery angioplasty, and atrial septal defect widening). This report suggests intrauterine fetal sonography can accurately delineate abnormal fi ndings in heterotaxy, allowing perinatal counseling and postpartum planning for corrective surgery. Heterotaxy is defined as an abnormal arrangement of viscera across the left-right axis [1, 2] . Heterotaxy syndrome, cardiosplenic syndrome, right and left isomerism, and situs ambiguous are synonyms for these defects [3] . In addition to these anomalies, it is usual to fi nd complex malformations within a heart, often requiring cardiac surgery during the neonatal period [4] . There can also be associated extracardiac anomalies which require early surgical intervention, such as biliary atresia and bowel obstruction [5] . Situs ambiguous is manifested as asplenia (right isomerism) or polysplenia (left isomerism), and is defi ned as cardiosplenic syndrome [6] . Left isomerism or right isomerism is diagnosed in 0.4-2% of all infants with congenital heart disease, but account for at least 6% of the cardiac defects detected in utero [7] . Numerous reports on heterotaxy syndrome have been published, but few studies describe the prenatal diagnosis of transposition-like double-outlet of the right ventricle (DORV) with ventricular septal defect (VSD), co-existing with an anomalous shaped of a right-sided single spleen. We report the prenatal diagnosis of complex cardiac abnormalities associated with heterotaxy with a brief review of the literature.
Heterotaxy is defined as an abnormal arrangement of viscera across the left-right axis [1, 2] . Heterotaxy syndrome, cardiosplenic syndrome, right and left isomerism, and situs ambiguous are synonyms for these defects [3] . In addition to these anomalies, it is usual to fi nd complex malformations within a heart, often requiring cardiac surgery during the neonatal period [4] . There can also be associated extracardiac anomalies which require early surgical intervention, such as biliary atresia and bowel obstruction [5] . Situs ambiguous is manifested as asplenia (right isomerism) or polysplenia (left isomerism), and is defi ned as cardiosplenic syndrome [6] . Left isomerism or right isomerism is diagnosed in 0.4-2% of all infants with congenital heart disease, but account for at least 6% of the cardiac defects detected in utero [7] . Numerous reports on heterotaxy syndrome have been published, but few studies describe the prenatal diagnosis of transposition-like double-outlet of the right ventricle (DORV) with ventricular septal defect (VSD), co-existing with an anomalous shaped of a right-sided single spleen. We report the prenatal diagnosis of complex cardiac abnormalities associated with heterotaxy with a brief review of the literature.
Case Report
A 32-year-old gravida 2 para 1 was referred to our hospital from a private clinic for fetal echocardiography at 33+3 weeks gestational age. She was referred because of abnormal cardiac sonographic fi ndings. Based on sonography, the fetus had a rightsided stomach (Fig. 1) opposite to the heart, presenting heterotaxy. On the 4-chamber view, fetal echocardiography showed the right ventricle (RV) to be larger than the left ventricle in a ratio of 1.62 cm:0.63 cm (Fig. 2) . There was also a 0.48 cm defect in the ventricular septum in the sub-pulmonic area and the ascending aorta and the pulmonary artery (PA) arose from the right ventricle, nearly side-by-side, clearly demonstrating DORV (PA: aorta [Ao] = diameter 1.08 cm:0.59 cm) (Fig. 3) . Also, the sagittal oblique view
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Seung Joo Chon, et al. A case of fetal heterotaxy syndrome showed a large azygos vein placed posterior to the aorta (Fig. 4) . On repeated sonography 1 week later, the same findings were noted with a narrowed aortic arch with poor visualization of the inominate vessels, and a spleen was not visible. The patient was regularly followed and underwent repeat cesarean section at 38+5 weeks gestational age. The baby weighted 3,460 g with apgar scores of 6 at 1 minute and 9 at 5 minutes. Postnatal echocardiography, thoracic computed tomography aortography, and abdominal sonography confi rmed the prenatal fi ndings with a right-sided spleen additionally. Under the impression of DORV, at the age of 9 days, the infant underwent a left modifi ed BlalockTaussing (LMBT) shunt in order to shunt some of the systemic circulation into the pulmonary circulation. On post-operative day 9, oxygen saturation was not adequate, thus extracorporeal membrane oxygenation (ECMO) was inserted and both lungs were treated for 2 additional days. As the condition improved, ECMO weaning was performed and the baby was discharged. After 8 months, the baby was shown to have progressive hypoxia, he underwent a Kawashima procedure (total cavopulmonary shunt), right pulmonary artery (RPA) angioplasty, and atrial septal defect widening under the impression of a narrowed LMBT shunt and RPA stenosis. On post-operative day 15, the baby was shown to have a RV ejection fraction of 61% with adequate RV contraction without systemic fl ow disturbance that he was discharged home and was to be followed up regularly to the Cardiothoracic Department.
Discussion
Congenital heart disease, with a prevalence of 8 per 1,000 live births, is the most common severe congenital abnormality [8] . Second trimester routine ultrasound evaluation of the fetal heart has been proposed for prenatal detection of cardiac anomalies [9] . Fetal identifi cation of congenital heart disease provides a unique opportunity to detect and observe congenital heart lesions with the stability that the fetal circulation provides [10] . Heterotaxy is almost always associated with asplenia or polysplenia [11] . Heterotaxy with asplenia is characterized by an asymmetric liver extending from one side of the abdomen to the other, with a stomach placed on either side, and the inferior vena cava (IVC), abdominal aorta being juxtaposed on the same side of the spine [11] . On the other hand, in most cases of heterotaxy with polysplenia, the liver has an asymmetric contour with one side being larger than the other, and IVC shows interruption to its suprarenal-infrahepatic segment, connected to the azygos or hemiazygos vein to drain into the superior vena cava [11] . The use of fetal echocardiography to diagnose congenital cardiac malformations prenatally is rapidly becoming the standard of care in most large pediatric cardiology centers [12] . In our case, like many others, heterotaxy syndrome was fi rst suspected upon ultrasound identification of abnormal positions of fetal abdominal organs. The prenatal diagnosis of heterotaxy, in which the stomach placed on the right side, at the opposite side of the heart, was shown with complex cardiac malformations. Along with these abnormalities, the spleen was not visible on prenatal sonography initially, which later, after the birth, was found at right side of the body. Although several cases of DORV related to heterotaxy syndrome have been reported in the literature, this case represents a rare report of intrauterine diagnosis of DORV with an association to a single anomalous-shaped spleen being placed at right side, with a large liver covering upper abdomen with one functional single ventricle. In summary, heterotaxy syndrome can be associated with numerous cardiac anomalies. In this case, the main cardiac abnormalities were both an ascending aorta with a right pulmonary trunk arising from the right ventricle with one functional single ventricle with VSD. This report suggests that intrauterine fetal echocardiography can accurately delineate the cardiac and vascular anatomy in heterotaxy, allowing planning prenatal counseling and postpartum planning for corrective surgery.
